We describe and compare diets of 3 species of vampyrine bats based on analysis of food remains found in gastrointestinal tracts of preserved museum specimens. We also examined possible ontogenetic, intersexual, geographic, and seasonal variations in feeding habits of each species. Trachops cirrhosus fed mainly on insects (79% of prey items), whereas Chrotopterus auritus and Vampyrum spectrum primarily ate small vertebrates (61-73% of prey items for both species). Vertebrate prey most frequently eaten by C. auritus were murid rodents whereas V. spectrum consumed primarily passerine birds. The frequency of occurrence of food items did not differ significantly with age or sex, at least for T. cirrhosus and C. auritus. Significant seasonal variations in diet were observed only for C. auritus, which consumed more insects during the wet season. Our findings confirm the importance of insects in the diet of T. cirrhosus and present new information on a diversified diet for V. spectrum and opportunistic feeding for C. auritus.
Carnivorous bats frequently include small tetrapods in their diets (Hill and Smith 1984; Wilson 1973) . This feeding habit is assumed to have arisen independently several times within the Microchiroptera (Norberg and Fenton 1988) and has been reported for Hipposideridae, Megadermatidae, Nycteridae, Phyllostomidae, and Vespertilionidae (Dondini and Vergari 2000; Norberg and Fenton 1988; Pavey and Burwell 1997) .
The family Phyllostomidae is one of the most diversified chiropteran groups, with approximately 140 species (Simmons 1998) , and shows a wide range of feeding habits, including insectivory, frugivory, nectarivory, carnivory, and sanguivory (Gardner 1977) . Ferrarezzi and Gimenez (1996) mapped the evolution of feeding habits in phyllostomid bats and showed that each subfamily exploits a distinct food resource. For example, in the Glossophaginae most species are nectarivorous, and in the Desmodontinae all species are sanguivorous (Ferrarezzi and Gimenez 1996) . Although several species of the subfamily Phyllostominae (sensu Baker et al. 1989) occasionally consume small vertebrates (Fischer et al. 1997; Martuscelli 1995; Norberg and Fenton 1988; Uieda and Hayashi 1996) , the predominant carnivorous habit is considered an exclusive trait of the Vampyrinae (sensu Baker et al. 1989) . These correlations between phylogeny and food habits strengthen the importance of dietary studies within Phyllostomidae.
The subfamily Vampyrinae has only 3 extant species, namely Trachops cirrhosus (mass 28-45 g), Chrotopterus auritus (mass 61-94 g), and Vampyrum spectrum (126-190 g ). Because of differences in size, species of Vampyrinae probably have distinct diets. T. cirrhosus is known for preying on frogs (Tuttle and Ryan 1981) , lizards, and small mammals, including other bats (see references in Bonato and Facure 2000) . However, some studies on this species have reported a diet constituted mainly of insects (see references in Kalko et al. 1996; Pine and Anderson 1979) . C. auritus preys on small mammals, birds, geckos, frogs, and insects (Delpietro and Simon 1987; Medellín 1989) . V. spectrum has been reported to eat birds, bats, mice, and insects (McCarthy 1987; Navarro and Wilson 1982) . The 3 species have a wide distribution throughout Central and South America, with considerable morphological variation among populations (Casebeer et al. 1963; Medellín 1989; Navarro and Wilson 1982) . In this report, we describe and compare for the first time diets of species of vampyrine bats from Brazil. We also examine possible ontogenetic, intersexual, geographic, and seasonal variations in the feeding habits of each species. Emmons and Feer 1997) .
MATERIALS AND METHODS

Diets
Food items were identified by comparison of undigested prey remains (bones, teeth, hair, feathers, anuran skin, molluscan shell and radula, and arthropod fragments) with a reference collection. Small parts were examined under a stereoscopic microscope. Feather identification was based on downy barbules (Day 1966) . Hair was identified using microscopic features such as type of cuticular scale and pattern of medulla (Chehébar and Martín 1989; Day 1966) .
The importance of each prey species in the diet was based on its frequency of occurrence (percentage of samples in which a given prey species was found) and relative frequency (percentage of total of items represented by a given prey species- Karanth and Sunquist 1995; Núñez et al. 2000; Taber et al. 1997) . We also estimated biomass consumed by multiplying mean body mass of each prey species by number of individuals found in each sample (Motta-Junior et al. 1996) . Prey biomass was used to investigate possible interspecific variations of food item size (arthropods, anurans, birds, and mammals). The biomass data were based on literature reports (Emmons and Feer 1997; Motta-Junior et al. 1996 ) and on our own field observations. Food niche breadths were calculated using Levins' index (B) and its standardized form (B sta ), which varies from 0 to 1 (Krebs 1989) . To analyze intraspecific diet variations, bats were classified as adult males, adult females, or juveniles. Young bats were distinguished by presence of cartilaginous epiphyseal plates in phalanges (Anthony 1988) . As dietary differences can be related to body size (Rosenzweig 1966) , measures of forearm length of conspecific males, females, and juveniles were compared using analysis of variance (Zar 1984) . Seasonal variations in diet were examined by classifying specimens according to collection season-dry or wet (climatic data based on the Instituto Brasileiro de Geografia e Estatística [IBGE] ). The frequency of occurrence of main dietary items of males and females, adults and juveniles, and during dry and wet seasons were compared using chisquare test with Yates' correction for continuity (Zar 1984) for T. cirrhosus and C. auritus. The number of samples for V. spectrum was too small (n ¼ 8) for statistical analysis. To assess possible geographic variations in diet, individuals were grouped according to collection locality into 1 of 3 biomes: Cerrado, Atlantic forest, and Amazonian forest. Cluster analysis (average linkage clustering, Bray-Curtis index) was used to determine the relationship among diets (expressed as relative frequencies of food items) of each species in each biome (Krebs 1989) . Principal components analysis (PCA), calculated on a correlation matrix, was used to assess which food items generated the pattern found in cluster analysis (Manly 1986 ).
RESULTS
In 102 individuals of T. cirrhosus, 40 of C. auritus, and 10 of V. spectrum examined, prey remains were found in gastrointestinal tracts of 68 (66.7%) T. cirrhosus, 32 (80.0%) C. auritus, and 8 (80.0%) V. spectrum. Fourteen food categories were identified in the diet of the 3 species of vampyrine bats (Table 1) .
Insects were the dominant food of T. cirrhosus, occurring in 86.8% of the 68 gastrointestinal tracts analyzed, and were consumed in both seasons, with no difference between wet season (present in 89.7% of 39 samples) and dry season (81.0% of 21 samples) (
Frogs were eaten by 14.7% of the specimens sampled, mammals and fruit by 2.9%, and birds by 1.5%. The diet of T. cirrhosus, expressed as percentage biomass, consisted of insects (43.6%), mainly Coleoptera (19.6%), small mammals (25.5%), frogs (17.8%), birds (11.9%), snails (0.6%), and spiders (0.6%).
For C. auritus, the most common prey were small mammals (present in 59.4% of 32 samples) and insects (43.8%). The consumption of mammalian prey did not differ between wet (41.7% of 12 samples) and dry (72.7% of 11 samples) seasons (v 2 ¼ 1.17, d.f. ¼ 1, P ¼ 0.28), but insects were more frequent in the gastrointestinal tracts during wet (75.0%) than in dry
Birds were eaten by 12.5% and frogs by 3.1% of specimens examined. The diet of C. auritus, expressed as percentage biomass, consisted of small mammals (79.2%), especially murid rodents (69.4%), birds (18.5%), insects (2.0%), and frogs (0.3%).
Small mammals and birds occurred at the same frequency in the diet of V. spectrum; both were present in 50% of the 8 samples. Insects were eaten by 37.5% of individuals. In relation to biomass, small mammals were more important (52.7%) than birds (45.8%) or insects (1.5%).
Bats were consumed by 3 species: T. cirrhosus preyed upon Furipterus horrens (Furipteridae), C. auritus consumed Myotis (Vespertilionidae), and V. spectrum ate an unidentified Emballonuridae.
Vampyrum spectrum had the largest food niche breadth (B sta ¼ 0.75), compared to T. cirrhosus and C. auritus (B sta ¼ 0.37 for both species). T. cirrhosus consumed mainly small prey (up to 3 g), whereas C. auritus and V. spectrum ate a wider array of prey (3-50 g; Fig. 2 ). There were no significant differences in occurrences of main food items relative to age (adults compared to juveniles) or sex (males to females) in T. cirrhosus and C. auritus (P . 0.25 in all cases). Conspecific males, females, and juveniles of the 3 Vampyrinae species did not differ significantly in forearm length (ANOVA, P . 0.10 in all cases).
A cluster analysis comparing relative frequencies of food items in different biomes found smaller dissimilarities among T. cirrhosus samples than among C. auritus samples, indicating that T. cirrhosus had less geographic variation in its diet (Fig.  3) . Principal component 1 explained 55.3% of overall variance in the diet of the 3 species. T. cirrhosus samples had negative values for this component and were set apart from the other species (Fig. 4) . The main food items that contributed to the first axis were Orthoptera, unidentified insects, and anurans on the negative side, and murid rodents and birds on the positive side.
DISCUSSION
Much of the published data on food habits of bats is based on analyses of stomach and fecal contents. Stomach analyses allow examination of the specimen's last meal in an undigested form. In contrast, fecal analysis is biased towards less digestible items because digestion tends to rapidly destroy soft parts (Gardner 1977; Whitaker 1988) . For studies using analysis of stomach contents, bats must be killed and this procedure raises ethical and legal questions about sampling large numbers of individuals, especially for endangered or threatened species (Animal Care and Use Committee 1998). In contrast, dietary studies based on preserved museum specimens do not raise such issues. Although the specimens used in this study were not collected for dietary studies, most of them (at least 67% of individuals in each species) had well preserved stomach contents.
Trachops cirrhosus has long been known as a specialized frog predator (eating mainly Physalaemus pustulosus) based on studies done in Central America (Jennions and Backwell 1992; Ryan et al. 1982; Tuttle and Ryan 1981; Tuttle et al. 1982) . Norberg and Fenton (1988) considered such specialization as controversial and suggested that populations in other regions could be consuming quite distinct food items. Although frogs were recorded in the diet of T. cirrhosus in all 3 Brazilian biomes, our data show that frogs made up a small part of the diet of this bat. The most frequent food items of this species were insects. Indeed, the consumption of frogs by T. cirrhosus in some localities could be seasonal. In contrast to Central American anuran populations, which reproduce throughout the year (see Ryan 1985) , Brazilian frog populations (especially in the southeast) have remarkably seasonal reproduction cycles that last from October to March depending on temperature and precipitation (Heyer et al. 1990 ). Because the location of frogs by T. cirrhosus relies on reproductive calls (Tuttle and Ryan 1981) , consumption of frogs in Brazil should be restricted to the wet season. Insects likely represent a more stable and abundant resource, especially for large populations of bats (colonies up to 200 individuals) as found in caves in southeastern Brazil (Trajano 1995) .
The available information on diet of C. auritus indicates that birds and small mammals are the most common prey of this species (Delpietro and Simon 1987; Medellín 1989 ; this study). C. auritus also consumed a low proportion of insects, as already recorded (Medellín 1988) . The consumption of insects was significantly higher in the wet season, which could indicate an opportunistic feeding habit because this item is more abundant during the rainy months (Wolda 1988) . The diet of C. auritus also showed geographic variation, which reinforces opportunism.
In general, diet studies of V. spectrum have been based on only a few observations, probably because this species is rare and its distribution is restricted to the Amazonian basin (Emmons and Feer 1997) . Vehrencamp et al. (1977) showed that V. spectrum fed on a variety of bird species, but other studies (summarized in Gardner 1977) have suggested a wider range of prey, including bats, mice, and fruit. Despite the small number of individuals examined in our study, V. spectrum had the highest value of food niche breadth, thus strengthening the idea of a diversified diet. Whitaker (1988) pointed out that there is little information on sexual and ontogenetic dietary variation for bats, and suggested that more studies should focus on this aspect in order to assess potential differences. The Vampyrinae species studied here showed no intraspecific variation among diets of males, females, and juveniles, a finding which might reflect the limited size variation among these classes (in this study).
According to Rosenzweig (1966) , large predators can consume both small and large prey, whereas small predators have access only to small prey. Indeed, T. cirrhosus, the smallest species, had a diet consisting mainly of small prey such as insects. Larger prey such as birds and mammals were rarely consumed. The larger species, C. auritus and V. spectrum, caught a wider range of prey, including insects, mammals, and birds.
Although data on foraging behavior of the Vampyrinae indicate that these species rely on a sit-and-wait foraging strategy (Kalko et al. 1996; Medellín 1988; Vehrencamp et al. 1977) , the predation of a pulmonate snail and the consumption of a thumbless bat (Furipterus horrens) by T. cirrhosus indicate that this species might also use an active hunting strategy (Bonato and Facure 2000) .
According to Fenton (1989) , animal-eating bats consume specific prey when feeding on monospecific clumps of prey or when they rely on prey-specific signals to find their targets (e.g., sexual advertising signals). Tuttle and Ryan (1981) demonstrated that T. cirrhosus relies on calls to identify and locate male frogs. In this case, the mode of prey detection makes the predator very specific in its taxon selection. The same situation applies to bats exploiting the calling songs of insects (Tuttle et al. 1985) . The use of generalized prey-generated cues, such as movement, to locate targets could lead to a generalized diet (Bell 1982; Ryan and Tuttle 1987) . However, even with echolocation or the use of prey-generated cues, specialization could still occur because of prey availability, as in other predator-prey systems (Fenton 1989) . It is possible that bats exploit rich patches of prey, which provide high rates of encounter in order to minimize foraging time (Fenton 1989) .
Carnivory is suggested to be the ancestral feeding habit and a shared feature among vampyrine bats (Ferrarezzi and Gimenez 1996) . However, as shown here, the diet of T. cirrhosus consists mostly of insects. Vertebrate prey were caught occasionally by this bat, as described for some Phyllostominae, such as Phyllostomus and Tonatia bidens (Fischer et al. 1997 1996). We suggest that the predominantly carnivorous feeding habits arose in the common ancestor of C. auritus and V. spectrum and that the ancestral feeding habits of vampyrines might have been insectivory, with occasional inclusion of vertebrate prey.
RESUMO
Descrevemos e comparamos as dietas das 3 espécies de morcegos da subfamília Vampyrinae com base na análise dos conteúdos gastrointestinais de espécimes preservados em museus. Também examinamos possíveis variaçõ oes ontogené-ticas, intersexuais, geográficas, e sazonais nos hábitos alimentares de cada espécie. Trachops cirrhosus alimentou-se essencialmente de insetos (79% dos itens) enquanto Chrotopterus auritus e Vampyrum spectrum consumiram principalmente pequenos vertebrados (61-73% dos itens para ambas as espécies). Os vertebrados mais freqüentemente consumidos por C. auritus foram roedores murídeos, ao passo que V. spectrum consumiu principalmente pássaros. A freqüência de ocorrência dos itens alimentares não diferiu significativamente com a idade ou com o sexo pelo menos para T. cirrhosus e C. auritus. Só foram observadas variaçõ oes sazonais significativas na dieta de C. auritus, que consumiu mais insetos durante a estação úmida. Nossos resultados confirmam a importância de insetos na dieta de T. cirrhosus e apresentam informação nova sobre uma dieta mais diversificada para V. spectrum e hábito alimentar oportunista para C. auritus.
